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Section 1: Dissertation 


Maternal mortality in Tamil Nadu during 2001-10: Varied progress in 


reducing maternal mortality at the health district level and preventable 


causes remain unchanged 
Abstract 
Introduction 


India is one of the six countries contributing to 25% of the maternal deaths occurring 
globally. Within India, Tamil Nadu has the second lowest maternal mortality ratio (MMR per 
1,00,000 live births). We conducted descriptive analysis of maternal death surveillance data 


and ecological analysis for factors responsible for maternal deaths. 
Methods 


We abstracted data from the maternal death case investigation tool (2009), line-listing 
(2004-10) and ie services reports. We analysed time-trends during 2001-10. We 
developed MMR areas maps for health unit districts (HUD) for 2008-10. We classified the 
HUDs into four categories using State MMR of 79 as the mid-point. We calculated MMR by 
selected socio-demographic and maternal factors using estimated live births as denominators 
for 2009-10. We carcatned distribution (%) of causes and MMR by causes for 2008-10. We 
abstracted the ecological data of birth rate, institutional deliveries, female literacy, higher 
birth order and presence of medical college from administrative reports, district and national 


surveys. We used Poisson regression model for assessing the relationship between MMR and 


the ecological variables. 
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Results 


During 2001-10, the State MMR declined (x* trend=0.000; p <0.001), however, in 13 of 42 
HUDs, MMR remained static. HUDs reporting MMR >120 increased from two in 2009 to 
seven in 2010. MMR was higher among rural than urban areas (36 vs. 97) and mothers of 
scheduled tribes and caste had high MMR than from other communities (147 vs. 70). The 
major causes of maternal deaths were haemorrhage (26%) and hypertension (17%). Higher 
order births and institutional deliveries were correlated with declining MMR for 2002, 2006 
and 2010. Higher birth rate in 2002 and presence of a medical college in 2010 were 


independently correlated with declining MMR. 
Conclusions 


We concluded that (1) MMR was static at the HUDs’ level (2) hypertension and haemorrhage 
were still the major preventable causes (3) socio-economically disadvantaged mothers had 
high MMR (4) institutional births and presence of a medical college were independently 
associated with declining MMR. In order to reduce MMR at the district level, we 
eed to (1) provide hospitalized care to mothers with pregnancy disorders 
| (2) review maternal benefit schemes meant for poor community (3) strengthen the 


emergency obstetric care and appropriate referral system. 
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Maternal mortality in Tamil Nadu during 2001-10: Varied progress in 


reducing maternal mortality at the health district level and preventable 


causes remain unchanged 


Introduction 
Maternal mortality represents the most sensitive and key indicator of women’s health and 
status in a society. Recent estimates indicate that 342,900 deaths occurred globally during 


2008'. More than 50% of these deaths occur in six countries including India’. 


United Nation’s Millennium Development Goal 5 aims to reduce Maternal Mortality Ratio 
| (MMR) by three quarters from 1990 to 2015°. Though the estimates indicate overall decline 
in the MMR by 1.3 percent per year in the recent decades, MMR is of concern to both 
developed and more so in developing countries””. Further, recent global level analysis 
indicates that major ecological determinants include Total Fertility Rate (TFR), income per 


head, maternal educational attainment and skilled attendant at birth!. 


In 2006, India reported a MMR of 254 per 100,000 live births or 85,000 maternal deaths per 
year (25% of the global burden)*. India’s National Rural Health Mission’s (NRHM) primary 


focus is to reduce MMR and prioritizing the resource allocation’. 


Major interventions to avert maternal deaths include (1) provision of community-based 
maternity services (2) Emergency Obstetric and New Born Care services (EmONC). 


However, within India wide disparity exists in terms of reducing MMR and implementation 


of the interventions. 


Tamil Nadu ranks second in MMR among the major Indian states. In 2009-10, Tamil Nadu 
reported 926 maternal deaths (amounting to a MMR of 85 per 100,000 live births)°. Tamil 


Nadu achieved the national goal of reducing the MMR to less than 100 by 2012 well ahead of 


3 ZZ 


ie 


¥ 7 
- *) aD 


bao Steer 34 9 Ghee eines We Oy mere a 

mx reike:- 

ee. Joust. hots JOR outst? Se Wes As (= ts 

5 AS . 

fo ee he sith is toa i ee ee 
2s i : 

‘iiadeie seliiaa be + iT ig Tgabieseibe 


as 


; os BA ated a ng i? he HAD tania 


asigang ‘ie tg. sith st tag 
: vei in nite 3 og 


} 


ny 4 Doral, eS a nate a 
At a 


, 
7 i 
ith ay; he as ris 
- ss ie 


other states. However, this MMR as compared to South East Asian nations such as Sri 


Lanka(30 in 2008) and Malaysia (42 in 2008) is still higher’. 


Tamil Nadu, established Comprehensive EmONC centres (CEmONC) and Basic EmONC 
centres (BEmONC) in 2004 and 2006 respectively. peehen to understand the causes of 
maternal deaths and monitor the health system functioning, the Government of Tamil Nadu 
introduced the maternal death investigation system in 2004. The purpose was to capture every 
evidence on the circumstances which led to the death of the mother and take immediate 


actions. As a result of these interventions, MMR in Tamil Nadu declined from 134 in 


2001-03 to 111 in 2004-06*”. 


However, despite these interventions, maternal deaths do occur due to failure to access 
quality emergency obstetric care and non-medical causes such as care seeking behaviour, 
timely availability of transport and delivery of services in the EOC facilities. Through an 
evaluation study, we recently identified that the functioning of EmONC services were not 
satisfactory at a district level®. Hence, in the context of the achievements made by Tamil 
Nadu and renewed efforts to further reduce MMR, we need to understand the medical and 
non- medical causes and ‘descriptive epidemiology of maternal deaths. The valuable data 
collected through maternal death case investigation tool over the years if fully analyzed, will 
provide useful feedback to improve the existing system. Further, at the State level, ecological 
factors associated with MMR were not available in the published literature. Such ecological 


studies could bring in wealth of information towards formulating new strategies”. 


Hence, we conducted a study to (1) describe the maternal deaths and causes by time, place 
and person, (2) identify ecological factors responsible for maternal deaths, (3) generate 


hypotheses and (4) recommend appropriate interventions. 
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Methods 
Study design | 
We conducted descriptive and ecological studies on maternal deaths. 


Study population 


For the descriptive analysis, we included all the maternal deaths reported and investigated 
through the maternal deaths investigation tool during 2008-2009. We included all the 
maternal deaths that were line-listed during 2004-10. For the ecological analysis, we included 


all the maternal deaths reported during 2001-10. 


Data collection 


Descriptive study 


We used abstraction forms to extract data from (1) maternal and child health (MCH) 
reporting forms 2000-10 (2) maternal death investigation case sheets 2008-09 (3) family 
welfare Sscats 2000-10. From the maternal death investigation tool, we abstracted 
information on socio-economic characteristics, availability of health facilities, services, 
transport, awareness and birth preparedness of family, treatment in the referral institutions for 


the problem, which led to the death of the mother. 


Ecological study 


We collected ecological data from (1) administrative reports (2) planning commission 
(3) Statistical reports (4) District Level Household Survey (DLHS) (4) National Family 
Health Survey (NFHS). From these sources, we abstracted data at the level of district, on 


overall literacy status, maternal literacy level, institutional delivery, higher order births, gross 
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domestic product, birth rate, caesarean section rate, human development index and gender 


development index. 


Operational definitions 


We operationally defined the variables related to maternal mortality on the basis of WHO 


guidelines”. 


Maternal death: The death of a woman while pregnant or within 42 days of termination of 
pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or 


aggravated by the pregnancy or its management but not from accidental or incidental causes. 


Maternal Mortality Ratio (MMR): The Maternal Mortality Ratio is the number of maternal 


deaths per 100,000 live births per year. 


Direct obstetric deaths: 


Maternal deaths resulting from obstetric complications of the pregnant state (pregnancy, 
labour, and the puerperium), from interventions, omissions or incorrect treatment, or from a 


chain of events resulting from any of the above. 
Indirect obstetric deaths: 
Maternal deaths resulting from previous existing disease or disease that developed during 


pregnancy and that was not due to direct obstetric causes but was aggravated by the 


physiological effects of pregnancy. 
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Data analysis 


Descriptive study 


We analysed the data on maternal deaths by time, place and person. With reference to time, 
we plotted the MMR by time on a line graph and used chi-square test for assessment of linear 
trend. 

We calculated MMR Soe data of socio-demographic variables and maternal data using 
estimated live births as the denominators (2001 census). We computed percent distribution of 
causes and cause-specific MMR. 

We calculated MMR for each of the 42 HUDs and Chennai city. We considered the State 
MMR (79) in 2008-09 as the mid-point for classification and categorized all the HUDs as 
very low (<40), low (41-80), high (81-120) and very high (121+). We created MMR area 


maps for the district level for 2008-10. 


Ecological analysis 


We oat ated Pesesor regression analysis to identify the factors associated with quantum of 
maternal deaths in districts. Our approach to regression was Generalized Linear Model with 
log link'*.We used actual number of maternal Pere a district as dependent variable. Since 
the denominators (live births) of this variable for each district varied, we incorporated offset 
variable of total number of live births into the model. The scale parameter dies made as one. 
We selected the independent variables (explainable) for modelling, based on their importance 
and choose them on the basis of correlations. The independent variables considered were 
birth rate, GDI, female literacy, higher birth order and institutional births. Data sets for 
2001-02, 2005-06 and 2009-10 were selected to look for the pattern over different time 
points. Availability of medical colleges was taken only for the year 2009-10, since maximum 


number of colleges were established during this period and the catchment areas were largely 
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confined to the corresponding districts. Best fitting model was chosen based on the Akaike’s 
Information Criteria (minimum) and the ratio of deviance value to degrees of freedom (ratio 


closer to 1).We performed logarithmic transformation for indices and Arc Sine 


transformation for proportions. 
Human subject protection 


We obtained approval of the Institutional ethics committee of the National Institute of 
Epidemiology, Chennai. We collected secondary data from the health services and refrained 


from using any identifiers. 


Results 
Descriptive study 


Maternal mortality in Tamil Nadu had been declining since 2001 (y° trend p<0.001). 
However, at the HUD level, 13 of 43 HUDs (including Chennai city) the MMR remained 


static throughout this period (Annexure-1). 


MMR was almost three times higher in rural than urban areas (36 vs. 97) during 2008-09. 
Chennai reported the lowest (29) and Dindigul HUD recorded the highest MMR of 154. Very 
high MMR (> 120) districts increased from two in 2008-09 to seven in 2009-10 (Figure 2) 


(Annexure 2). 


During the year 2009-10, MMR among the socially disadvantageous groups, hi gher maternal 
age, and third gravida and above were high (Table-1). Proportion of maternal mortality 
among illiterate mothers was 19% and the husbands of 36% of the mothers who died were 


agricultural labourers and 27% were daily wage labourers. 


During the year 2008-09, 10% of maternal deaths occurred during postnatal, 11% during intra 


natal and 19% during antenatal period and these proportions remained the same during 
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an 10. Maternal mortality among mothers who delivered normally, declined from 80% in 
2004-05 to 65% in 2009-10 and caesarean rate among the mothers died had gone up to 35% 


from 18% in 2004-05 (Annexure-8). 


During 2008-09, 21% of the births were still births, 25% of the mothers had previous bad 
obstetric history, and 42% of the women had risk factors and problems during their current 
pregnancies. In 6.6% of the mothers the time interval between the onset of labour pain and 


delivery was more than 18 hours. 


In 2008-09, 31.2% of the deaths occurred in government medical college hospitals, 23% in 
transit, 17% in private hospitals, 11.8% in district headquarters hospitals, 8.8% at home, 1.8% 
at urban health posts, 1% at sub- district hospitals, 0.5% at PHCs, 0.1% at HSCs and 4.8% in 


other institutions. 


Home as the place of delivery of the deceased mothers declined from 20.6% in 2004-05 to 
7.3% in 2009-10 and PHC as place of delivery increased from 4.7% to 18.4% over the last six 


years (Annexure-6). 


Proportion of maternal deaths occurring during transit, at government medical college 
hospitals, at private hospitals, at district headquarters hospitals remained constant during 
2004-10. Maternal deaths at home declined from 20% in 2004-05 to 9.7% in 2009-10 


(Annexure-7). 


Maternal deaths by Primary Health Centre (PHCs) indicate that majority of the PHCs 
reported two deaths (n=125). We also identified that some of the PHCs reported more than 


two maternal deaths and the maximum number of eight deaths were reported by two PHCs. 
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Medical causes of maternal deaths, 2004-10 
Direct obstetric causes of maternal deaths 


The top-most direct obstetric cause of maternal deaths in 2008-09 was that of haemorrhage 
(26%, n=656). Of these, 24% was post-partum and 2% was ante-partum haemorrhage. In fact, 
MMR attributable to haemorrhage declined from 30 in 2006-07 to 21 in 2009-10. However, 
MMR due to hypertensive disorders of pregnancy has increased from 10 to 13 for the same 
period. The other major causes in 2008-09 included eclampsia (16.8%), pulmonary embolism 
(8.4%), ratmeic fluid embolism (5.6%), sepsis (5.5%), Cortical Vein Thrombosis (4.7%), 
complications of sterilisation surgeries (such as caesarean with tubectomy, medical 
termination of pregnancy with tubectomy and puerperal sterilisation) (3.5%), obstructed 
labour/ruptured uterus (2.8%) and complications of caesarean sections (2.2%). Proportion of 


deaths due to direct obstetric causes over the years remained constant. (Annexure-3 and 9). 
Indirect obstetric causes 


Indirect obstetric causes of maternal deaths in 2008-09 were heart diseases complicating 
pregnancy (7.6%), Jaundice (3.7%), infectious diseases and anaemia complicating pregnancy 
(2.4%). We identified that 158 deaths (19%) were due to indirect obstetric causes (Annexure 


3 and 10). 
Non-obstetric causes 


Small proportion of (2.3%, n=19) maternal deaths were misclassified as maternal deaths 


during 2008-09 (Annexure-3). 
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Non-medical factors associated with maternal deaths 


During 2008-09, only 8% (n=52) of the mothers died in the health facility in which they got 
admitted. Of the 670 deaths for hick referral data available, 38% were referred to one 
institution, 37% were referred for the second time to another institution and 14% visited three 
institutions and 3% visited four different institutions before death. According to the reporting 
officers, lack of hospital supplies, lack of availability of blood, non-availability of specialists, 
delay in treatment initiation, lack of preparedness and awareness of pregnancy 
complications, reaching a wrong referral institution, delay in getting the transport from one 


{nstitution to the other were mentioned as perceived contributing factors for the maternal 


deaths. 


Ecological study 

The multivariate analysis was limited to 2001-02, 2005-06 and 2009-10, since all the data 
elements were not available for all the time-points (Table 2). Information on the presence a 
medical Salloge was used for 2009-10. We observed that the declining higher order of births, 
increasing institutional deliveries and rales of caesarean sections were associated with 


the overall fall in MMR (Figure-3). 


In 2001-02 higher order births (in Arc Sine) was positively associated with maternal 
mortality. High birth rate was negatively associated with MMR in 2001-02. Higher birth rate 
was not associated with maternal mortality in 2005-2006. Institutional births became a 


stronger indicator for lowering MMR. Also higher order of birth is a detrimental factor for 


reducing MMR. 


Presence of medical college in a district was found to be associated with reduction in MMR. 


The contribution of other variables (institutional birth, higher order birth) remained the same 


as above. 
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Discussion 


Tamil Nadu ranked second in the MMR and implemented interventions at the field level to 
reduce maternal deaths in the State. However, in order to reduce it further, we reviewed the 
data on maternal deaths collected through routine system and specific surveillance 
mechanism. We analysed the data to understand the epidemiology of maternal deaths and 
ecological determinants of maternal mortality ratio in Tamil Nadu. Our major findings of 
immediate concern to peliey makers and programme managers included (1) no decline in the 
MMR in few sub-districts (2) no change in the major preventable causes of maternal deaths 
such as haemorrhage and hypertensive disorders (3) high MMR among socio-economically 
disadvantaged sections. However, a noteworthy finding from the ecological study was that of 
independent correlation of presence of medical college and speciality centres with the 


reduction of MMR. 


While overall decline in MMR is consistently been reported through various reports and 
surveys" , may be this is the first time, we identified that the same was not true in 13 
Health Unit Districts. The overall decline had been masking these variations at the district 
and sub-district levels. Hence, the State needs to focus efforts in these areas to further reduce 
the MMR. In Gus Chinese investigators have reported such substantial variation within a 


province’. 


The peak in MMR that was observed in 2001 could be an artefact and needs to be interpreted 
in the context of how Tamil Nadu introduced and strengthened the maternal mortality 
reporting system. Tamil Nadu initiated identification and compulsory reporting of maternal 
deaths in 1994. It was mandated that each and every maternal death be reported by the village 
health nurse and the medical officers!®. Multiple reporting and line-listing of the maternal 
deaths by health unit districts and encouragement from the administration to the village 


health nurses, the reporting improved substantially from 1994 and the maximum number of 
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peaths reported were in the year 2001. Hence the peak indicated that the maternal mortality 
surveillance system was able to capture all the maternal deaths from the year 2001 onwards. 


Since every death is audited and classified as maternal death, the reports could be considered 


as reliable. 


We observed no changes in the major causes of the maternal deaths over the years. 
Haemorrhage was the major cause of maternal deaths. However, cause specific mortality 
suggested a decline in MMR due haemorrhage. This may be due to the thrust on Active 
Management of Third Stage of Labour (AMSTL) initiated and implemented in Tamil Nadu 
since 2007'°. Even at the global and regional level, these causes remain significant 


contributors)’. 


The last important observation of high MMR among socio-economically disadvantaged 
sections needs further carefully planned studies. Tamil Nadu initiated pioneering projects of 
maternity benefit schemes!® and free emergency maternity ambulance services’’. Despite 
these paerventions: we identified that deaths due to prolonged labour still reported one of the 
medical causes of maternal death. Further the unchanging pattern of MMR among socially 
disadvantageous groups needs immediate attention. Since the national government actively 
considering adaptation of Tamil Nadu’s maternity benefit scheme, we need indepth studies to 


understand the effectiveness of such schemes in reducing MMR. 


The ecological analysis suggested that the provision of medical college was negatively 
associated with the MMR. This needs to be interpreted in the context of ecological nature of 
the analysis. However, the association between increased institutional deliveries and reduced 
MMR is consistently seen in many reports and could be considered as a direct result of 


. - . . . . - 15 
interventions to promote institutional deliveries in Tamil Nadu ~. 
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Further our finding of inverse relationship between MMR and birth rate during the year 2001- 
02, needs to be interpreted in the context of several factors. Firstly, the ae of 
gestational didbetes mellitus and increasing proportion of high birth weight babies. Secondly, 
the artefact that we observed in the reporting system during that period could have also 
contributed to such association which was not observed in the other two time-points. Lastly 
we may attribute to the falling denominators (decrease in birth rate) due to thrust on family 


planning services without adequate EmONC service during the same point of time. 


Some findings need further in-depth studies. Firstly, maternal deaths among women who 
underwent sterilisation surgeries and caesarean sections we may need detailed medical audits 
of such deaths. Secondly, high level of second and third referrals from one facility to the 
other, deaths during transit and higher proportion of maternal deaths in medical college 
hospitals indicate that CEmONC services were either not available in other hospitals or 
women in emergency were taken to the wrong place without ascertaining the availability of 
services. We observed similar findings in an evaluation study of CEmONC services in one 
district®. It may be worthwhile conducting detailed study in those HUDs where we did not 


observe any decline till date. 


Thirdly, a focused study is needed to explain unchanging proportion of preventable causes of 
maternal deaths despite the expansion of CEmONC services and higher proportion of still 


births among the mothers died. 


Our study may have limitations that could be inherently present in secondary data analysis. 
We analysed maternal deaths obtained’ through multiple reporting systems. Since maternal 
mortality surveillance reached a mature state in 2001, the reported deaths would be close to 
the actual number of deaths!°. Further, we used multiple data sources to complement the 


information. For instance, for cause of death, we used case investigation forms completed by 


Z 


14 aa 


ane 


* 


é ree 
ane: 


_ 


apa 


the district chief medical officer. We used information from line-listing system to supplement 


whenever, information was incomplete in the case-investigation sheet. Hence, we consider 


that the conclusions could be broadly reliable. 


On the basis of the descriptive and ecological analysis of maternal deaths in Tamil Nadu, we 
concluded that (1) as compared to the overall decline observed at the State level, there was 
no decline at the smaller administrative areas (2) the distribution of maternal deaths was not 
uniform across the State and deaths were more in certain sub-districts and rural areas 
(3) while MMR attributable to haemorrhage declined marginally, the MMR due to 
hypertensive disorders of pregnancy increased marginally (4) MMR was high among socio- 
economically disadvantaged groups, women with risk factors and women with higher order 
of births (5) high risk mothers with bad obstetric history and with some tes with 
current pregnancies experienced high mortality (6) the provision of referral and speciality 


centres contributed to the reduction of MMR. 


Based on our findings, we recommended both short-term and long-term measures. The short- 
term measures included (1) family planning services should focus on reducing higher order of 
births (HOB) particularly in districts with high level of HOB (2) Women with previous bad 
obstetric history and risk factors are to be identified and admitted early in the CEmONC 


centres (3) focus on cause specific MMR to reduce maternal deaths (haemorrhage and 


hypertensive disorders of pregnancy). 


As a long-term measure, we recommended (1) formulate policy to increase the allocation of 
resources and capacity building of healthcare providers in PHCs reporting more deaths and 
HUDs not showing declining trend (2) improve the CEmONC centres adequately, to avoid 
rrals (3) develop special programmes such as Pregnancy Induced Hypertensive Disorders 


refe 


Control Programme and adequate focus on availability of blood and active management of 
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third stage of labour (4) develop case studies on maternal deaths to educate health care 
providers and the community to prevent such deaths. Further, the hypotheses generated 


through this study merits in-depth studies. 
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Maternal deaths: Surveillance methods 


: known c¢ : 
determinants auses and ecological 


Introduction 


Maternal mortality is a key indicator of women’s health and status, and shows most 
poignantly the difference between rich and poor, both between countries and within them. 
Globally, 529,000 mothers die every year from complications of child birth. 99 percent of all 
of these deaths occur in developing countries. Most of these deaths and disabilities 
attributable to child birth are avoidable, because the medical solutions are well known!”. In 
developing countries, one woman in 16 may die of pregnancy related complications 
compared to one in 2800 in developed countries’. However in 2008, a study on maternal 
mortality for 181 countries, estimated 3,42,900 maternal deaths, down from 5,26,300. The 
global MMR decreased from 422 in 1980 to 320 in 1990, and was 251 per 100,000 live births 
in 2008". Each death represents an individual tragedy for the woman, her partner, her children 


and her family. 


In 2000, the global community made an historic commitment to eradicate extreme poverty 
and improve the health and welfare of the world’s poorest within 15 years” . One of the 
United Nations’ Millennium Development Goals (MDGs) aims to improve maternal health, 
with a target of reducing the Maternal Mortality Ratio (MMR) by three quarters between 


1990 and 2015. The MDG initiative provides a unique opportunity refocus and accelerate 


program efforts by donors, governments, and civil society, to improve maternal health for 


individual and societal well being. Among commonly used human development indicators, 


maternal mortality shows one of the starkest disparities between developed and developing 


ithi tries are 
countries, and between the rich and poor within countries. Moreover the poorest coun 


ity; ies have 
progressing the slowest towards reducing maternal mortality; low income countn 
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been reducin 
. g maternal mortality by 2.4 percent a year, compared to lower middle income 


countries (4.9 percent)”. 


South Asia accounts for thirty percent of the world’s maternal deaths with one woman or girl 
dying from complications of pregnancy and child birth every three minutes. Yet these 


Statistics -Owing to mass under reporting- do not even adequately represent the countless 


number of others who have perished, without a trace in official registry’. 


The National Rural Health Mission (NRHM) of India launched on 12" April, 2005 seeks to 
reduce the MMR from 407 to 100 per 1,00,000 live births through accessible, affordable and 


quality health care to the rural population, especially the vulnerable sections’. 


Approximately one-quarter of all pregnancy and delivery related maternal deaths worldwide 
occur in India, which has the highest burden of maternal mortality for any single country’. In 
2006, India reported a Maternal Mortality Ratio (MMR) of 254 per 100,000 live births or 


85,000 maternal deaths per year’. 


Among Indian States, Tamil Nadu has the second lowest MMR (111 per 100,000live births), 
after Kerala (95 per 100,000 live births)!”. In Tamil Nadu, 926 maternal deaths were 
identified in 2009-10 (MMR 85 per 100,000 live births)''. Major interventions to avert 
maternal deaths include (1) provision of community-based maternity services (2) Emergency 
Obstetric and New Bom Care services (EmONC). In Tamil Nadu, Comprehensive 
Emergency Obstetric Newborn Care (CEmONC) centres were established in 2004, with the 


objectives to provide comprehensive emergency obstetric and newborn care on 24x7 basis 


within half an hour’s reach. Subsequently on realizing that basic services to be made widely 


available,Basic Emergency Obstetric Newborn Care (BEmONC) centres were established in 


2006, on 24x7 basis in every block. As a result of these interventions, MMR in Tamil Nadu 


— declined from 134 in 2001-03 to 111 in 2004-06. 
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Definitions and measures of maternal mortality 


The WHO has provided the following definitions and measures related to maternal 


mortality'*"?. 


Maternal death: The death of a woman while pregnant or within 42 days of termination of 
pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or 


aggravated by the pregnancy or its management but not from accidental or incidental 


causes!”. 


Direct obstetric deaths 
Maternal deaths resulting from obstetric complications of the pregnant state (pregnancy, 
labour, and the puerperium), from interventions, omissions or incorrect treatment, or from a 


chain of events resulting from any of the above’. 


Indirect obstetric deaths 


Maternal deaths resulting from previous existing disease or disease that developed during 
pregnancy and that was not due to direct obstetric causes but was aggravated by the 


physiological effects of pregnancy ~. 
Measures of maternal mortality 


Maternal Mortality Ratio (MMR): The Maternal Mortality Ratio represents the obstetric 


risk associated with each pregnancy. It is calculated as the number of maternal deaths during 
a given year per 100,000 live births during the same period’”. 

Materanal Mortality Rate: It measures both the obstetric risk and the frequency with which 
eaths in a given 


women are exposed to this risk. It is calculated as the number of maternal d 


13 
period per 100,000 women of reproductive age (usually 15-49 years) °. 
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Lifetime Ri . 
| Risk of Maternal Death: It takes into account both the probability of becoming 


pregnant and the probability of dying as a result of the pregnancy cumulated across a 


women’s reproductive years'? 


Out of the above three measures Maternal Mortality Ratio is the most commonly used 


Measuring maternal mortality 


Maternal mortality is difficult to measure for both conceptual and practical reasons. Maternal 
deaths are hard to identify precisely because this requires information about on among 
women of reproductive age, pregnancy status at or near the time of death, and the medical 
cause of death. All three components can be difficult to measure accurately, particularly in 
settings where deaths are not comprehensively reported through the vital registration system 
and where there is no medical certification of cause of death. More over even where overall 
levels of maternal mortality are high, maternal deaths are nonetheless relatively rare events 
and thus prone to measurement error. As a result, all existing estimates of maternal mortality 
are subject to greater or lesser degrees of uncertainty. Countries are classified in to four 
categories broadly. (1) those with complete civil registration and good cause of death 
attribution (2) those with relatively complete civil registration system in terms of numbers of 
births and deaths but where cause of death is not adequately classified (3) those with no 
reliable system of civil registration where maternal deaths like other vital events go 
unrecorded (4) those with estimates of maternal mortality based on household surveys, 


5 : tee P 14 
usually using the direct or indirect sisterhood methods ’. 


Approaches for measuring maternal mortality 


Commonly used approaches for obtaining data on levels of maternal mortality vary 


. . in 
considerably in terms of methodology, source of data and precision of results. The mal 


approaches are described below. 
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Vital registration 


In developed countries, information about maternal mortality derives from the system of vital 
registration of deaths by cause. Even where coverage is complete and all deaths medically 
certified, in the absence of active case finding, maternal deaths are frequently missed or 


misclassified. In many countries, periodic confidential enquires or surveillance are used to 


assess the extent of misclassification and under reporting'*. 


Direct household survey methods 


Where vital registration data are not appropriate for the assessment of cause-specific 
mortality, the use of household surveys provides an alternative. However, household surveys 
using direct estimation are expensive and complex to implement because large sample sizes 
are needed to provide a statistically reliable estimate. The most frequently quoted illustration 
of this problem is the household survey in Addis Ababa, Ethiopia, where it was necessary to 
interview more than 32,000 households to identify 45 deaths and produce an estimated MMR 


of 480. MMR varied from 370-660, with 95 percent confidence interval’*. 


Indirect sisterhood method 


The sisterhood method is a survey-based measurement technique that in high fertility 
populations substantially reduces sample size requirements because it obtains information by 


interviewing respondents about survival of all their adult sisters. Although sample size 


requirements may be reduced, the problem of wide confidence interval remains. Furthermore 


i ver 
the method provides a retrospective rather than a current estimate averaging experience © 


14 
a lengthy time period (some 35 years, with a midpoint around 12 years before the survey) - 
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Direct sisterhood method 


The Demographic and Health Surveys use a variant of the sisterhood approach, the direct 
sisterhood method. This relies on fewer assumptions than the original method but it requires 
larger sample size and the information generated is more complex to collect and to analyse. 
The direct method does not provide a current estimate of maternal mortality but the greater 
specificity of the information permits the calculation of a ratio for a more recent period of 
time. Results are typically calculated for a reference period of seven years before the survey, 
approximating a point estimate some three to four years before the survey. Because of 
relatively wide confidence intervals, the direct sisterhood method cannot be used to monitor 
short term changes in maternal mortality or to assess the impact of safe motherhood 


programmes”. 
Reproductive age mortality studies 


The Reproductive Age Mortality Studies (RAMOS) involves identifying and investigating 
the causes of all deaths of women of reproductive age. This method has been successfully 
used in ee with good vital registration system to calculate the extent of 
misclassification and in countries without vital registration of deaths. Successful studies in 
countries lacking complete vital registration use multiple and varied sources of information to 
identify deaths of women of reproductive age; no single source identifies all deaths. 
Subsequently interviews with household members and health care providers and reviews of 
facility records are used to classify the deaths as maternal deaths or otherwise. Properly 
conducted, the RAMOS approach is considered to provide the most complete estimation of 


: . i na 
maternal mortality but can be complex and time consuming to undertake, particularly © 


large scale’. 
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Census 


A high quality decennial census could include questions on deaths in the household in a 


defined reference period (often one or two years), followed by more detailed questions that 
would permit the identification of maternal deaths on the basis of time of death relative to 
pregnancy (verbal autopsy). Nonetheless the advantages of such an approach are that it would 
generate both national and sub national figures and that it would be possible to undertake 
analysis according to the characteristics of the household. Trend analysis would be possible 
because sampling errors would be eliminated or greatly reduced. A number of countries have 
used the census to generate maternal mortality figures, and work is underway to assess the 


extent to which such approaches may prove of value in measuring maternal mortality’*. 
Verbal autopsy 


Where medical certification of cause of death is not available, some studies assign cause of 
death using verbal autopsy techniques. To facilitate the identification of causes of death in 
situations where majority of deaths occur at home, verbal autopsy techniques are-used, in 
which relatives of the deceased person are interviewed regarding the circumstances leading to 
death. Information on the signs and symptoms preceding the death is used to reconstruct the 


illness leading to death and assign the most probable cause’”. 


In India, the office of the Registrar general under the ministry of home affairs, apart from 
conducting population census and monitoring of registration of births and deaths, has been 
evaluating indirectly the impact of governmental programmes/ schemes on fertility and 
mortality using the Sample Registration System (SRS). SRS is the largest demographic 


maternal 
sample survey in the country and 1s being used to provide direct estimates of 


: d 
mortality through a nationally representative sample. The verbal autopsy instruments are use 
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for the deaths reported 
: p under the SRS on a regular basis to yield cause specific mortality 


profile in the country’®, 


In Tami ; identificati ) 
| Nadu; identification of maternal deaths is the first step in the surveillance process 


The state, initiated identification and compulsory reporting of maternal deaths in 1994. It was 


mandated that each and every maternal death be reported by the village health nurse working 
at the level of the Health Sub Centre, the medical officers of Primary Health centres, first 
referral unit (FRU) and non-FRU government hospitals, district public health ae and 
Deputy Directors of Health Services. The efficacy of reporting has improved overtints The 
apparent increase in the number of maternal deaths between 1994 and 2001 reflects 
improvements in reporting due to a better surveillance system’®. Maternal mortality 
surveillance programme in Tamil Nadu is a combination of medical cause of certification, 


verbal autopsy, facility based death reviews and multiple sources of notification. 


Causes of maternal deaths 

Maternal deaths occur throughout pregnancy, labour, childbirth and postpartum. Between 11 
percent and 17 percent of maternal deaths happen during childbirth itself and between 50 
percent and 71 percent in the postpartum period. The fact that a high level of risk is 
concentrated during childbirth itself, and that many postpartum deaths are also a result of 
what happened during birth, focuses attention on the hours and sometimes days that are spent 
in labour and giving birth, the critical hours when a joyful event can suddenly turn into an 
unforeseen crisis. The stapesitan period-despite its heavy toll of deaths is often neglected. 
Within this period, the first week is most prone to risk. About 45 percent of postpartum 
hirds during the first 


maternal deaths occur during the first’24 hours, and more than two t 


week. Maternal deaths result from a wide range of indirect and direct causes. 
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Maternal deaths due to indi 
rect causes re 
| present 20 percent of the global total. They are 
caused by diseases (pre-existing or concurrent) that are not complications of pregnancy, but 
complicate pregnancy or are aggravated by it. These include malaria, anaemia, HIV/AIDS 
and cardiovascular diseases. Their role in maternal mortality varies from country to country 


according to the epidemiological context and the health system’s effectiveness in responding 


The lion’s share of maternal deaths is attributable to direct causes. Direct maternal deaths 
follow complications of pregnancy and childbirth, or are caused by any interventions, 
omissions, incorrect treatment or events that result from these complications, including 
complications from (unsafe) abortion. The four other major direct causes are haemorrhage, 
infection, eclampsia and obstructed labour. The levels of maternal mortality depend on 
whether these complications are dealt with adequately and in a timely manner. Postpartum 
haemorrhage (PPH) occurs in 10.5 percent of live Bis sepsis in 4.4 percent, pre-eclampsia 
and eclampsia in 3.2 percent and obstructed labour 4.6 percent. The case fatality rate is 1 for 
PPH, 1.3 for sepsis, 1.7 for preeclampsia and eclampsia and 0.7 for obstructed labour. 
Globally in 2000 deaths due to PPH was 25 percent, sepsis 15 percent, eclampsia 12 percent 


and obstructed labour 8 percent’. 


The leading causes of maternal mortality in developing regions are haemorrhage and 
hypertension, which together account for half of all deaths in expectant or new mothers. 


Indirect causes, including malaria, HIV/AIDS and heart disease, result in 18 per cent of 


maternal deaths. Other direct causes, such as obstructed labour, complications of anaesthesia 


or caesarean section, and ectopic pregnancy, lead to 11 per cent of all deaths during 


pregnancy or childbirth. The vast majority of these deaths are avoidable. Haemorrhage, for 


ed or managed 
example, which accounts for over one third of maternal deaths, can be prevent g 


through a range of interventions administered by a skilled health-care provider with adequate 


equipment and supplies. The causes of maternal deaths in developing regions during 199 
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2007 indicated that haemorrhage contributed to 35% of maternal deaths, hypertension 18% 


abortion and mnlscamiage 9%, sepsis 8%, embolism 1%, other direct causes 1] percent, and 
due indirect causes 18 percent!”""®. 

In India, estimates of causes of maternal deaths have been more reliably studied in the 2001- 
2003 Special Survey of Deaths. The leading causes of maternal mortality were haemorrhage 
(38%), followed by sepsis (11%) and abortion (8%). The patterns were similar in all the three 
categories namely Empowered Action Group (EAG) states and Assam, Southern and Others 
except that hypertensive disorders and abortion deaths were more in the category Southern 


and EAG and Assam respectively”. 


Analysis of causes of maternal deaths in Tamil Nadu in 2004, identified haemorrhage 
(27.3%) as the leading cause of maternal death. Maternal deaths due to preeclampsia and 
eclampsia was 12 percent, amniotic fluid embolism 8.2 ey cortical venous thrombosis 
5.9 percent, sepsis 5.9 percent, ruptured uterus 3.1 percent, anaemia 23.9 percent, heart 


diseases 11.3 percent, hepatitis 1.6 percent and others 0.8 percent””. 


Ecological factors associated with maternal deaths 
Globally, many of the interventions for reducing maternal mortality are based on the study of 


ecological factors associated with maternal mortality. 


Shiffman identified three theoretical perspectives within the research literature delineating the 


factors shaping maternal mortality. These include: (1) the wealth or standard of living 


perspective that suggests declining maternal mortality seems from rising national wealth or 


GDP per capita; (2) the health perspective focuses upon the potential for institutional efforts 


to lower maternal mortality by providing greater access to health care services; and, (3) the 


ibutes 
empowerment perspective argues that low social status afforded women directly contrib 


to higher maternal mortality. The study on material consumption and social well being found 
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that ecologi , 
logical footprint consumption has a moderately Strong direct influence shaping lower 


levels of maternal mortality*'. 


An ecological analysis of Maternal Mortality Ratios of 84 countnes indicated that a greater 


proportion of deliveries with a skilled attendant and higher contraceptive prevalence rates 


were both associated with lower national maternal mortality ratios?” 


A study on MMR in Yunnan, China concluded that declines in maternal mortality in Yunnan 
over 14 years appear to reflect health, social and economic interventions implemented in the 
1990s. The association of hospital delivery with maternal mortality may be due to the 
effective management of severe pregnancy and birth complications. Low income and 
illiteracy were associated with MMR but primarily through their impact on the use of prenatal 
and obstetric care”. Studies elsewhere in China demonstrated that health interventions that 
target health infrastructure, quality of obstetric care and health education are effective in 


reducing MMR”*™*”. 


An analysis of ecological data sets from 155 countries concluded that maternal deaths were 
ee reduced when a high proportion of births were attended by health professionals, 
including primary health care workers trained in midwifery skills, with the maintenance of an 
aseptic environment, the identification of maternal and foetal complications, and the 


opportunity when necessary to transfer parturient mothers to centres with higher level skills 


and facilities”°. 


A recent study of maternal mortality for 181 countries, 1980-2008, found that four powerful 


drivers of maternal mortality are improving in most countries. First, the global total fertility 


rate (TFR) has dropped from 3.7 in 1980 to 3.26 in 1990 and 2.56 in 2008. Despite rising 


numbers of women of reproductive age, the decrease in TFR has kept the size of the globa 


18 i ternal 
birth cohort stable. In addition to the direct effect of fertility on exposure to risk of matern 
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deaths, the MMR and TER are strongly correlated. Societies in which TFR decreases are also 


places with ‘acme in the MMR —whether this relation is causal or mediated through social 


change that drives both is not clear. Second, income per head, which can affect maternal 
mortality through several channels from nutritional status of mothers to physical and financial 
access to health care, has been rising particularly in Asia and Latin America. Third, maternal 
educational attainment, another strong correlate of maternal mortality, has been rising. 


Finally increase in skilled birth attendance also contributes to the decline in MMR. Further 


some large countries like India have witnessed quite rapid increases in skilled birth 


attendance in recent years’. 


Summary 
Globally, substantial, albeit varied, progress has been made towards reducing MMR. Only a 
handful of countries are on track to achieve the goal set for 2015. As of 2008, six countries 


(includes India) contribute to more than half of all maternal deaths. 


India’s NRHM aimed to reduce MMR from 407 to 100 through by targeting rural and 
vulnerable sections. However, India is yet to achieve that target. Within India, the progress 
made by the state varied substantially. Tamil Nadu ranks the second lowest MMR and has the 


best maternal mortality surveillance system. 


More sii half of the maternal deaths are caused by haemorrhage and hypertension. Major 
ecological determinants identified through published literature include (1) socio-economic 
variables such as income and educational status of women (2) improved access to care 
evalence rate and 


namely skilled birth attendance or hospital delivery (3) contraceptive pr 


total fertility rate. However, there is lack of such analysis in India. 
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